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I.  Abstract 


This  report  presents  the  results  of  pressure,  tem¬ 
perature  and  strain  measurements  on  three  hemispherical  nose 
cones  tested  and  ablated  in  the  Polytechnic  Institute  of 
Brooklyn  hypersonic  tunnel.  The  shrouded  model  technique,  des¬ 
cribed  in  Ref.  1.  was  used  in  all  tests.  Wind  tunnel  stagna- 
tion  pressure  was  maintained  at  a  nominal  value  of  150  psia, 
and  stagnation  temperatures  varied  from  1650  °R  to  1900  °R. 

The  foregoing  test  conditions  correspond  to  Mach  numbers  in  the 
range  of  15  to  20,  at  altitudes  of  from  60,000  to  70,000  feet. 

mu  mree  muueib  were  fabricated  from  cast  aluminum 
alloy  356  T-6,  and  all  models  had  outside  diameters  of  7-3/4 
inches.  Two  models  were  1-inch  thick,  and  the  third  had  a  1/2- 
inch  thickness.  Ablation  of  the  surface  material  was  allowed  to 
occur  in  all  tests. 

A  complete  presentation  of  the  data  is  given  in  the 
form  of  tables,  graphs,  and  photographs. 
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•  II.  Introduction 

•  In  Ref.  2,  the  data  obtained  on  pressure  and  tempera¬ 

ture  measurements  of  a  hemispherical  nose  cone  in  the  hypersonic 
tunnel  of  the  Polytechnic  Institute  of  Brooklyn  were  presented 
for  four  different  combinations  of  tunnel  stagnation  conditions. 
This  nose  cone,  designated  model  1  in  the  present  report,  was 
made  of  type  304  stainless  steel,  had  a  7-3/4  inch  outside  di¬ 
ameter,  and  was  one  inch  thick.  The  purpose  of  the  tests  was 
to  obtain  the  thermal  and  aerodynamic  loads  on  the  hemispherical 
configuration  with  a  view  to  applying  this  information  to  ana¬ 
lytical  studies  of  transient  heat  conduction  phenomena,  and  to 
help  formulate  techniques  for  the  structural  analysis  of  bodies 
subject  to  hypersonic  flight  environments.  The  tests  on  model  1 
were  the  first  in  a  series  of  tests  of  an  experimental  program 
involving  at  least  a  dozen  hemispheres  with  identical  external 
configurations  which  would  be  ablated  and  on  which  strain  meas¬ 
urements  would  also  be  undertaken. 

The  present  report  gives  the  results  of  a  second  test 
series  involving  three  hemispherical  models.  The  policy  of  dis¬ 
seminating  the  experimental  data  as  they  become  available,  star¬ 
ted  in  Ref.  2,  is  continued  in  this  presentation.  Evaluation  of 
the  data  in  order  to  obtain  heat  transfer  coefficients  and 
strains,  heat  conduction  studies,  together  with  other  topics, will 
be  the  subjects  of  future  reports.  A  two-dimensional  transient 
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heat  conduction  analysis,  based  upon  the  data  in  Ref.  2,  may  be 
found  in  Ref.  3. 

The  present  report  may  therefore  be  considered  a  con¬ 
tinuation  of  Ref.  2,  to  which  frequent  ref erence* will  be  made. 

Details  of  the  instrumentation,  testing  technique,  data  reduc- 

* 

tion,  and  other  experimental  considerations  will  be  given  only 

when  they  are  different  from,  or  are  not  undertaken  in,  the 

* 

tests  on  the  first  model. 

The  authors  gratefully  acknowledge  the  assistance  of 
Messrs.  Lawrence  D.  Brown  and  Richard  F.  Parisse  for  their  con¬ 
tribution  in  the  preparation  of  this  report. 
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III.  Models  and  Instrumentation 

Three  hemispherical  models  were  tested  in  the  current 
phase  of  the  experimental  program.  These  models,  designated  by 
the  numbers  2,  3,  and  4,  were  identical  with  respect  to  the  ma¬ 
terial  of  construction  and  external  configuration.  Models  2 
and  3  were  one-inch  thick,  but  model  4  was  l/2-inch  thick.  Ma¬ 
terial  of  construction,  geometry,  and  type  of  instrumentation 
for  each  model  are  given  in  Table  1. 

In  choosing  the  material  for  these  models,  a  simple 
material  which  would  melt  (and  ablate)  within  the  stagnation 
temperature  capability  of  the  hypersonic  tunnel  was  desired. 

Pure  aluminum,  with  a  melting  range  between  1700  to  1830  °R  ap¬ 
peared  to  be  a  promising  material  inasmuch  as  tunnel  stagnation 

temperatures  over  2000  °R  could  be  realized  practically.  Because 

* 

of  difficulties  in  procuring  pure  aluminum  in  the  required  sizes, 
it  was  decided  to  select  a  cast  aluminum  alloy.  Alcoa  alloy  356, 
heat  treated  to  the  T-6  temper,  offered  a  yield  stress  of  ap¬ 
proximately  22,000  psi,  and  hence  a  reasonable  elastic  range. 

Its  nominal  composition  consists  of  7%  silicon,  0.3%  magnesium 
and  approximately  93%  aluminum. 

Model  2,  the  first  of  these  cast  alum inum  al loy  hemi¬ 
spheres,  was  equipped  with  four  pressure  taps,  nine  strain  gages, 
and  29  thermocouples.  Pressure  taps  were  included  as  part  of 
the  instrumentation  of  this  model  in  order  to  check  the  aerody¬ 
namic  loads  obtained  on  the  hemispherical  stainless  steel  nose 
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cone  model  1  (Ref.  2).  High  Temperature  Instruments  Corpora¬ 
tion  wire  resistance  strain  gages,  designated  HT-600,  were  in¬ 
stalled  at  nine  points  on  the  inner  (insulated)  surface.  These 
strain  gages  were  supplied  with  individual  iron-constantan 
thermocouples.  Twenty  additional  thermocouples  were  located  at 
various  points  throughout  the  model,  bringing  the  total  number 

It 

of  thermocouples  to  twenty-nine.  Fig.  1  shows  the  location  of 
the  various  instruments  graphically;  Table  2  gives  the  coordi¬ 
nate  values,  and  the  orientation  of  the  strain  gages. 

Details  of  the  method  of  installing  the  pressure  taps 
and  thermocouples  are  given  in  Ref.  2,  and  will  riot  be  repeated 
here.  The  only  noteworthy  difference  is  the  use  of  aluminum 
rather  than  stainless  steel  for  the  pressure  tubing  and  the  fix¬ 
tures  for  the  thermocouples.  The  technique  of  strain  gage  in¬ 
stallation  is  outlined  below. 

The  inner  surface  of  the  model  was  prepared  in  accor¬ 
dance  with  "Tatnall  Measuring  Systems  Company  Bulletin  IB-6101". 
Gages  were  bonded  to  the  surface  at  the  designated  positions 
with  TMS  Type  H  high  temperature  cement.  All  gages  were  cemented 
and  cured'  to  300°F  for  four  hours  before^  lead  extensions  were 
attached.  After  this  preliminary  cure,  lead  extensions  of 
0.0031  x  l/8  inch  glass  insu  1  a  ted  nichrome  ribbon  were  welded 
to  the  strain  filament  leads  in  the  conventional  three  wire  con¬ 
figuration  which  provides  compensation  for  lead  wire  resistance 
change  with  temperature  variation.  Lead  extensions  were  fixed 
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to  the  inner  surface  of  the  model  with  TMS  type  H  cement  for  a 
length  of  three  inches,  and  beyond  this  length  they  were  an¬ 
chored  by  l/2  inch  wide  strips  of  No.  27  Scotch  electrical  tape 
at  tv  0  inch  intervals. 

Thermocouple  extensions  of  30  gage  double  glass  insu¬ 
lated  iron-constantan  thermocouple  wire  were  welded  to  the  ends 
of  the  thermocouples  embedded  with  the  gages  and  anchored  to 
the  inner  surface  *of  the  specimen  in  the  same  manner  as  the 
gage  extension  leads. 

All  extension  leads  were  brought  to  the  center  of  the 
open  end  of  the  model  where  they  were  collected,  together  with 
thermocouples  and  pressure  lines,  to  form  a  single  cable  which 
was  run  out  from  the  model  mount  to  recorders. 

The  fully  instrumented  model  was  baked  for  four  addi¬ 
tional  hours  at  300°F  to  complete  the  cement  cure. 

Model  3  ins tume nt at  i  on  is  presented  in  Fig.  2  and  Ta¬ 
ble  3.  Note  that  this  model  is  identical  in  geometry  with  Mo¬ 
del  2.  There  are  no  pressure  taps  nor  surface  thermocouples  on 
Model  3  in  order  to  avoid  interference  of  the  instrumentation 
with  the  surface  ablation  of  the  model  during  the  test  run. 
Another  important  difference  in  the  instrumentation  of  this  mo¬ 
del  is  the  use  of  HT-1200  strain  gages  manufactured  by  the  same 
firm  producing  the  HT-600  gages.  Attractive  features  of  the 
HT-1200  gages,  among  others,  are  the  linear  responses  to  the 
temperature  variation  under  stress-free  conditions,  and  the  uni- 
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formity  in  performance  of  strain  gages  from  the  same  lot. 

■  > 

Model  4  is  l/2  inch  thick  and,  as  will  be  noted  by 
referring  to  Fig.  3  and  Table  4,  all  instruments  are  located 


on  the  insulated  surface. 


IV.  Description  of  Tests 

The  hemispherical  nose  cone  models  were  tested  in  the 
shroud  rig  of  the  hypersonic  tunnel  which  is  described  in  Ref. 

1.  A  schematic  sketch  of  the  model  in  the  shroud  tube  is  shown 
in  Fig.  4 . 

Minneapol is-Honeywel  1  strip  chart  recorders  were  used 
to  record*  the  temperatures,  pressuies,  and  s>  Ira  in -gage  signals 
as  a  function  of  time.  Recorders  were  also  used  for  the  tunnel 
stagnation  pressure  and  temperature  conditions,  and  to  monitor 
several  temperatures  at  various  points  in  the  wind  tunnel.  The 
paper  speed  was  1 /3-inch  per  second  for  all  recorders. 

About  thirty  seconds  before  the  start  of  the  test  all 
recorders  were  switched  on  simultaneously  and  checked  to  insure 
that  they  were  running  and  writing.  The  pebble  bed  heater  tem¬ 
perature  and  pressure  were  adjusted  to  obtain  the  desired  stag¬ 
nation  pressure  and  temperature  conditions.  At  the  signal  to 
start,  the  nozzle  plug  valve  was  opened.  The  transient,  period 
in  which  the  air  flow  became  steady  lasted  approximately  two  to 
three  seconds.  The  cut-off  signal  was  given  when  some  ablation 
of  the  surface  had  occurred.  Simultaneously  all  recorders  were 
energized  to  drive  the  writing  pens  to  one  end  of  the  scale  in 
order  to  assist  in  establishing  the  time  scale  on  each  chart 


for  data  reduction  purposes. 


V.  Reduction  of  Data 


a ,  Temperatures 

All  recorders  measuring  the  output  of  the  thermo¬ 
couples  mounted  on  the  models  were  calibrated  to  correspond  to 
1500°F  temperature  rise  for  a  full  scale  deflection  of  100  di¬ 
visions.  Thus  each  division  corresponded  to  15°F  temperature 
rise.  The  zero  setting  of  the  recorders  was  set  at  5  divisions. 
Inasmuch  as  the  model  initial  temperatures  were  within  a  few  de¬ 
grees  of  75°F,  zero  on  the  recorder  scale  was  taken  as  0°F,  and 
the  temperature  at  any  time  was  obtained  by  observing  the  re¬ 
corder  scale  reading  and  multiplying  by  the  cal  juration  constant 
of  1  5°F  per  division.  Admittedly,  the  non-linearity  of  the 
thermocouple  output  would  introduce  some  inaccuracy.  Consider¬ 
ing  the  overall  accuracy  of  the  recorders  (about  1%  of  full 
scale)  and  the  immense  simplification  of  data  reduction,  it  was 
felt  that  this  procedure  was  justified.  An  accuracy  of  the 
temperatures  of  £,  \%  of  full  scale,  or  +,  15°F  appears  conserva¬ 
tive  in  view  of  the  excellent  data  obtained,  but  it  can  be  taken 
as  a  nominal  value. 

The  time  scale  was  established  with  little  difficulty 
due  to  the  high  conductivity  of  the  aluminum  alloy  and  the  ap¬ 
parent  uniformity  of  the  nominal  speed  of  all  recorders.  Time  . 

L  -  C  was  easily  fixed,  even  for  the  buried  thermocouple  instal¬ 
lations,  because  of  the  sharp  change  in  slope  of  the  trace  at 


the  time  the  hypersonic  wind  tunnel  was  started*  Measurements 
made  of  the  distance  from  the  point  taken  as  t  =  0  to  the  refer¬ 
ence  mark  made  at  tunnel  cut-off  corresponded  to  periods  of  time 
which  did  not  vary  by  more  than  one  second  in  the  two  83  second 
test  runs,  and  l/2  second  in  the  30  second  test  run  on  Model  4. 

The  time  scale  is  thus  considered  to  be  within  +  l/2  second  of 
the  values  given  in  the  tables  and  graphs.  • 

b .  Pressmen 

Only  one  of  the  three  models  tested  was  equipped  with 
pressure  taps.  The  pressure  tap  tubing  was  connected  to  Statham 
pressure  transducers,  and  then  the  transducer  output  was  im¬ 
pressed  on  the  input  terminals  of  a  recorder.  There  was  no  dif¬ 
ficulty  in  establishing  the  time  scale  for  the  pressure  records. 
Accuracy  of  the  data  is  estimated  at  +.  1%  of  full  scale. 

» 

c .  Strain  Gaoe  Data 

The  strain  gages  responded  almost  instantaneously  to 
the  aerodynamic  loading,  thus  time  t  ~  0  was  easily  established. 
From  the  temperature-time  records  of  the  thermocouples,  either 
embedded  with  the  gages  or  from  thermocouples  on  the  insulated 
surface  at  the  same  latitude,  the  strain  gage  output  in  milli¬ 
volts  could  be  obtained  as  a  function  of  the  temperature.  Labo¬ 
ratory  calibration  tests  on  both  types  of  strain  gages  yielded 
the  unit  change  of  resistance  vs.  temperature  for  stress-free  con¬ 
ditions.  In  principle,  therefore,  the  strain  gage  response  to 


stress  could  be  obtained  by  subtracting  the  stress-free  cali¬ 
bration  response  from  the  response  during  the  test  run,  at  the 
same  temperature.  Finally,  the  response  due  to  stress  could  be 
converted  to  strain  from  a  knowledge  of  the  strain  gage  factor 
at  various  temperatures. 

The  stress-free  response  of  the  gages  was  obtained  by 
a  special  laboratory  testing  technique.  Strain  gages  were  af¬ 
fixed  to  samples  of  356  T-6  aluminum  alloy  in  precisely  the 
same  manner  as  thev  were  subsequently  affixed  to  the  models. 

The  samples  were  placed  into  an  oven,  and  simultaneous  readings 
were  taken  of  the  strain  gage  output  and  temperature.  Typical 
results  are  shown  in  Figs.  5  and  6a.  Heating  rates  varied  from 
0.2  to  0.3  °F/sec .  Inasmuch  as  no  constraints  were  placed  on 
the  samples*  the  strain  gage  output  corresponded  to  the  stress* 
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free  response  of  the  assembly  as  a  function  of  temperature.  It 
was  assumed  that  this  response  was  independent  of  the  heating 
rate. 

Reduction  of  the  strain  gage  data  is  outlined  in  the 
following  steps. 

(1)  From  the  wind-tunnel  test,  strain  gage  output  is 
obtained  as  a  function  of  time. 

(2)  From  thermocouples  embedded  in  the  strain  gaqes 
(or  installed  near  the  gage)  a  temperature-time 
history  at  the  gage  location  is  obtained. 

(3)  Combining  (l)  and  (2),  the  strain -gage  output  is 


obtained  as  a  function  of  temperature. 

(4)  Subtracting  the  stress-free  strain  gage  output 
from  the  output  (3)  at  the  same  temperature  yields 
the  strain  gage  output  due  to  stresses. 

(5)  From  data  on  the  gage  factor  as  a  function  of 
temperature,  the  strain  can  be  obtained.  The 
strain  as  a  function  of  time  can  of  course  be 
prepared  f rom  t he  original  temperature-time  his¬ 
tory  at  the  gage  location. 

It  should  be  noted  that  the  strain  data  presented  is 
due  to  the  combination  of  the  external  surface  loads,  and  to 
thermal  stresses  arising  from  temperature  variations  in  the  body 
and  edge  constraints. 

One  final  note  in  connection  with  the  reduction  of 
strain  gage  data  should  be  made  for  the  HT-1200  strain  gages. 
Under  conventional  conditions  of  use,  the  stress-free  response 
of  these  gages  over  large  ranges  of  temperature  change  is  both 
linear  and  large  (Fig.  6a).  A  circuit  was  designed  to  reduce 
this  output  to  the  same  magnitude  as  that  of  the  embedded  I.C. 
thermocouple  associated  with  the  gage.  Since  both  of  these  res¬ 
ponses  to  temperature  change  are  substantially  linear  and  can  be 
equally  matched  by  trial,  the  output  of  the  thermocouple  can  be 
used  to  balance  the  simple  temperature  component  of  the  strain 
gage  response,  resulting  in  almost  zero  sensitivity  of  the  gage 


to  temperature  change.  Laboratory  stress-free  calibration  tests 
on  the  HT-1200  strain  gages,  using  the  attenuating  circuit  des¬ 
cribed,  are  presented  in  Fig.  6b. 
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VI.  Presentation  of  Data 


In  this  section,  the  data  obtained  on  pressure,  tem¬ 
perature,  strain  and  ablation  is  presented  in  tabular  and  graph¬ 
ical  form.  The  model  geometry,  identification  numbers,  and  in¬ 
strumentation  for  the  three  aluminum  alloy  hemispherical  nose 
cone  configurations  are  shown  in  Table  1.  In  Table  5  are  noted 
the  tunnel  stagnation  temperature  and  pressure  conditions,  dura¬ 
tion  of  test,  and  remarks  on  the  degree  of  ablation.  It  is  em¬ 
phasized  that  tunnel  stagnation  conditions  quoted  in  the  table 
are  nominal  values;  variation  in  these  conditions  with  time  are 
presented  in  the  tabular  and  graphical  data  presented  for  each 
model.  The  instruments  on  each  model  are  identified  by  number 
and  letter  symbols.  Instrument  location  is  shown  graphically  in 
Figs.  1,  2  and  3,  and  in  tabular  form,  Tables  2,  3,  and  4.  These 
latter  tables  also  present  information  on  the  instruments  which 
were  connected  to  recorders,  those  which  failed  prior  or  during 
the  teat,  and  other  pertinent  remarks.  Model  2,  for  example,  had 
more  instruments  than  available  recorders,  and  hence  a  number  of 
thermocouples  could  not  be  utilized  during  the  test  run. 

Data  are  presented  in  this  section  in  such  a  manner 
that  the  same  physical  quantity  is  shown  in  a  group  for  all  three 
models .  * 


Stagnation  pressure  and  temperature  conditions  for 
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each  of  the  three  tests  are  presented  in  Fig.  7  as  a  function 
of  time.  These  data  are  obtained  from  a  rake  mounted  ahead  of 
the  test  section  which  contains  two  temperature  and  two  pres¬ 
sure  probes  (Fig*  4-).  Two  probes  of  each  type  'are  installed  on 
the  rake  in  case  one  of  the  instruments  should  fail*  Unfortu¬ 
nately,  both  temperature  probes  were  damaged  prior  to  the  test 
on  Model  3,  and  no  stagnation  temperature  is  available  for  this 
test  run»  The  initial  heater  pressure  and  temperature  for  the 
test  run  on  Model  4-  approximated  those  for  the  test  run  on  Mo¬ 
del  3,  and  an  approximation  for  Model  3  stagnation  temperature 
may  be  taken  from  the  data  for  Model  #4-* 

bo  Pressure  s 

As  was  mentioned  previously,  only  Model  2  was  equipped 
with  pressure  taps*  The  pressure  distribution  or  aerodynamic 
loading  had  been  established  on  Model  1  and  reported  in  Ref.  2. 
It  was  considered  desirable,  however,  to  install  a  few  pressure 
taps  to  double  check  the  previous  data*  Table  6  gives  the  pres 
sure  data  as  a  function  of  time*  These  data  are  plotted  in  Fig 
8  as  a  ratio  of  the  stagnation  pressure  versus  latitude*  At 
any  particular  latitude,  the  plotted  pressure  ratio  is  an  aver¬ 
age  value  taken  at  various  times  over  the  entire  test  run*  Ma¬ 
ximum  deviation  from  this  average  value  was  about  12  percent 

for  pressure  tap  4-,  which  was  recording  the  lowest  pressures* 

* 

For  the  other  pressure  taps  the  corresponding  value  was  4  per¬ 
cent.  Also  shown  in  Fig.  8  is  a  curve  corresponding  to  the 


Newtonian  approximation  for  the  hemisphere  in  the  shroud#  Ad- 
ditional  pressure  data  appears  in  Fig#  22  of  Ref.  2*  In  sub¬ 
sequent  theoretical  work,  the  pressure  distribution  can  be  ob¬ 
tained  graphically  by  fairing  a  curve  through  the  experimental 
points,  or  by  fitting  an  appropriate  function  to  the  test  data 
by  the  method  of  least  squares# 

c#  T  emperature s 

Temperature  data  as  a  function  of  time  is  presented 
in  Tables  7,  8  and  9  for  Models  2,  3  and  4-,  respectively*  The 
tabulated  data  gives  the  time  (t)  in  seconds  and  the  correspon¬ 
ding  temperatures  (T)  in  degrees  Fahrenheit  for  all  thermo¬ 
couples,  including  the  stagnation  temperature#  For  convenience, 
the  temperature  is  also  given  in  the  non-dimensional  form 
(Ts  -  T^T  -  )  ,  where  the  subscripts  s  and  i  stand  for  stagr- 

nation  and  initial  temperatures,  respectively#  Also  indicated 
in  these  tables  is  the  full  scale  deflection  setting,  or  sensi¬ 
tivity  of  the  recorders,  in  degrees  Fahrenheit# 

In  Figs#  9  to  13  the  thermocouple  data  have  been  plot¬ 
ted  for  selected  points  on  the  various  models  tested*  Figs#  9 
and  10  give  temperature-time  histories  through  the  thickness  and 

at  a  fixed  .radial  position  at  various  points  along  a  meridian 

# 

for  Model  2*  Plots  of  temperature  versus  meridional  distance  for 
various  fixed  times  are  shown  for  all  models  in  Figs*  11,  12  and 
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d *  Strain  Gaae  Data 


Model  2  was  equipped  with  nine  HT-600  high  tempera¬ 
ture  strain  gages  in  the  manner  already  described.  Just  prior 
to  the  test  run  a  leak  occurred  in  the  high  pressure  water  line 
which  cools  the  walls  of  the  shroud  tube.  Although  only  a  small 
amount  of  water  collected  at  the  bottom  of  the  tunnel  wall,  the 
combination  of  high  humidity  and  the  hygroscopic  nature  of  the 
strain  gage  cement  shorted  all  the  gages  to  ground.  The  excess 
water  was  drained  off  and  the  model  was  warmed  up  to  about 
250°F  several  times  in  an  attempt  to  dry  out  the  cement.  This 
technique  appeared  to  restore  four  strain  gages  to  working  or¬ 
der.  An  examination  of  the  records  after  the  test  run,  however, 
showed  such  erratic  behavior  that  no  data  are  available  for 
these  gages  . 

A  measure  of  success  was  achieved  in  Models  3  and  4 
which  were  equipped  with  HT-1200  strain  gages.  The  data  from 
Model  3  were  erratic  and  are  not  presented.  The  stress-free  un¬ 
biased  calibration  curves  are  shown  in  Fig.  6a.  The  response  is 

—6*0 

essentially  linear,  with  an  average  slope  of  122  x  10  /  F.  The 

output  of  the  sensing  circuits  of  the  HT-1200  were  biased  by 
means  of  the  signal  from  the  embedded  thermoc oup 1 e s .  The  net  ef¬ 
fect  was  to  reduce  the  stress-free  response  of  the  gages  to  that 
of  Fig.  6b.  Using  the  procedure  outlined  in  Section  V,  the  strain 
as  a  function  of  time  was  obtained.  These  results  are  plotted  in 


Fig*  14.  Intermediate  steps  are  not  shown.  At  a  given  tem¬ 
perature,  the  strain  gage  signal  S  due  to  stress  was  converted 
to  strain  through  the  use  of  the  expression 

e  =  4S/ E  k 

where 

e  =  strain 

E  =  bridge  voltage,  m.v. 

k  =  gage  factor 

S  -  signal  due  to  stress,  m.v. 

In  reducing  the  data  to  strain,  a  constant  strain  gage 
factor  of  3.2  was  used.  This  gage  factor  was  the  average  value 
obtained  in  tests  at  various  temperatures  conducted  at  the  Na¬ 
tional  Bureau  of  Standards  (NBS  Report  6900,  Table  2). 

It  is  emphasized  that  the  results  discussed  above  are 
tentative;  they  represent  the  best  response  obtained  after  suc¬ 
cessively  better  trials. 

e .  Ablation 

A  photograph  of  Model  2  prior  to  testing  is  shown  in 
Fig.  15.  Since  all  three  models  were  designed  to  the  same  ex¬ 
ternal  configuration  and  constructed  of  the  same  material,  pre¬ 
test  photographs  of  Models  3  and  4  would  have  been  identical. 

Model  2,  the  first  hemisphere  tested,  was  only  mildly 
ablated.  Photographic  views  of  Model  2  after  testing  are  shown 
in  Fig.  16.  The  test  was  conducted  at  a  stagnation  pressure  of 


approximately  155  psia  and  a  stagnation  temperature  of  about 
1 150°F  5  the  test  duration  was  83  seconds.  The  aluminum  alloy 
melted  near  the  stagnation  point  and  resolidified  as  it  was 
carried  along  the  model  meridians.  Along  the  meridian  that  con¬ 
tained  the  pressure  taps,  the  depth  of  the  ablation  was  more 
pronounced,  and  a  greater  amount  of  resolidified  material  was 

in  evidence.  It  was  also  noted  that  at  time  t  =  55  seconds, 

» 

pressure  tap  number  3,  at  an  angle  9  =  50°  from  the  stagnation  - 
point,  behaved  peculiarly,  indicating  that  molten  aluminum  had 
wholly  or  partially  obstructed  the  opening.  Examination  of 
M0del  2,  after  the  test,  showed  that  resolidified  material  had 
indeed  been  deposited  on  the  static  tap  opening. 

Photographic  views  of  Models  3  and  4  are  presented  in 
Figs.  17  and  18,  respectively.  The  extent  of  ablation  of  Mo¬ 
del  3  is  much  more  pronounced  than  on  Model  2.  On  Model  4  the 
combination  of  air  loads,  high  temperature,  and  ablation  resulted 
in  the  formation  of  a  hole  which  penetrated  the  entire  thickness 


at  the  hemisphere. 
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VII.  Concluding  Remarks 

Subsequent  models  in  this  test  series  will  have  the 
instrumentation  only  on  the  inner  surfaces,  to  avoid  interfer¬ 
ence  with  the  ablation  on  the  heated  surface.  It  is  therefore 
essential  that  the  temperatures  throughout-  the  model  be  known 
as  a  function  of  time.  From  the  data  obtained  on  Models  1  and 
2,  and  from  theoretical  and  empirical  data  available  on  the 
subject,  heat  transfer  coefficients  can  be  established  for  any 
combination  of  wind  tunnel  stagnation  conditions.  Various 
heat  conduction  analyses  will  then  be  applied  and  the  resulting 
temperature  distributions  compared  with  the  temperature  data 
obtained  on  Models  1  and  2.  If  satisfactory  agreement  is  ob¬ 
tained,  the  temperature  distributions  on  all  hemispherical  nose 
cone  configurations  can  be  predicted.  The  data  presented  in 
Ref.  2  and  in  this  report  are  currently  being  evaluated  to 
achieve  this  objective. 

By  far  the  most  difficult  of  the  measurements  will  be 
associated  with  the  transient  strains.  The  HT-600  gages  in¬ 
stalled  on  Model  2  do  not  appear  promising.  Although  no  sensible 
data  were  obtained  from  these  gages  during  the  test  run  on  Model 
2,  this  conclusion  is  based  upon  the  erratic  behavior  of  the 
stress-free  laboratory  tests  conducted  on  these  gages  (Fig.  5). 
The  performance  of  the  HT-1200  gages,  however,  is  considerably 
better.  Various  techniques  of  moisture-proofing  the  gage  inst.al- 


lations  are  being  evaluated  to  avoid  the  difficulties  experienced 

in  this  series  of  tests.  A  separate  report  covering  the  evalua- 

* 

tion,  installation,  performance,  and  data  reduction  of  the  high 
temperature  strain  gages  used  in  this  project  will  be  published 
in  the  future* 

Measurements  of  the  degree  of  ablation  on  the  surfaces 
have  been  made;  the  models  have  also  been  sectioned  and  pre¬ 
pared  for  metallurgical  examination.  This  information  will  be 
included  in  future  PIBAL  reports. 
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TABLE  1 


Model  Geometry  and  Instrumentation 


Wall 

Pressure 

Therno^ 

Strain 

SESaEM 

Material 

■5BE5MEH 

Thickness*  In* 

Taris 

Couples 

Gases 

2 

(  Oast  ] 

7-3/U 

1 

k 

29 

(HtSsco) 

7-3A 

9 

3 

J  Aluminum) 

1 

0 

21* 

(HT-1200) 

]  Alloy  ( 
356  T *6  J 

7-3/lj 

11 

h 

V  / 

1/2 

0 

23 

(HT-1200) 

(a)  Includes  thermocouples  built  into  the  high  temperature  strain  gages* 
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TABLE  2 

LOCATION  OF  PISXHUMENTS 
MODEL  2 
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TABLE  Z  (Ponclyded? 
LOCATION  OF.  INSfeflMENTS 
MODEL  2 


(H)  Heated  Surface  #  Not  in  use  «  Insufficient  number  of  recorders 

(B)  Buried  Surface  (a.)  Gage  shorted  to  ground  -  humidity  . 

(I)  Insulated  Surface  (b)  Data  unsatisfactory 
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TABLE  3 

LOCATION  OF  INSTRUMENTS 
MODEL  3 


TABLE  3  (Concluded) 
LOCATION  OF  INSTRUMENTS 
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MODEL  3 


Instrument 

Number 

Instrument 

8 

Deqrees 

■HESueHjHHI 

G1 

Strain  Gage 

0 

135 

2.875 

_ 

G2 

15 

■ 

|| 

Hi 

9  Direction 

G3 

um 

■ 

■ 

■ 

& 

fl 

G4 

35 

■ 

■ 

9 

If 

G5 

35 

■ 

■ 

•8 

rf 

G6 

55 

■ 

■■ 

9 

II 

"  11  -  -  ! 

G7 

55 

135 

5 

8 

n 

G8 

55 

315 

9 

ti 

(b) 

G9 

\ 

/ 

55 

315 

■ 

Hi 

& 

t! 

(b) 

(H)  Heated  Surface 
(B)  Buried  Surface 

(I)  Insulated  Surface 

(a)  Used  to  bias  output  of  respective  strain  gage 

(b)  Shorted  to  ground-humidity 
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urn . 4 

LOCATION  OF  INSTRUMENTS 
MODEL  4 
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TABLE  4  (Concluded 
LOCATION  OF  INSTRUMENTS 
MODEL  4 


Instrument 

Number 

Instrument 

$ 

Degrees 

- 1 

9 

Deqrees 

Remarks 

G1 

Strain  Gage 

0 

0 

1  ■'  n  ' 

G2 

L.  _  ... 

15 

Ml 

■ 

<p  Direction 

G3 

15 

m 

•8  • 

G4 

30 

Hi 

<p  M 

G5 

30 

<8 

G6 

45 

H 

h 

q> 

G7 

45 

m 

<8 

G8 

55 

■i 

■ 

9 

G9 

..  -  ....  -  -  -  - . ' 

55 

0 

•8 

GIO 

45 

180 

9 

Gil 

> 

/ 

45 

180 

■8  " 

-  -  -  .  . . -  J 

All  instrumentation  on  insulated  surface,  R  -  3.375  in 
(a)  Used  to  bias  output  of  respective  strain  gage. 
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TABLE  5 


SUMMARY  OF  TUNNEL  STAGNATION  CON¬ 
DITIONS,  TEST  DURATION  AMD  DEGREE 
~~  OF  ABLATION 


Model 

Stagnation 

Pressure, 

Dsia* 

Stagnation 

Temperature 

op* 

Duration 
of  Test 
Seconds 

Degree 

of 

Ablation 

2 

155 

1150 

84 

mild 

3 

155 

— 

80 

severe 

4 

150 

1450 

30 

very 

severe 

Listed  values  of  stagnation  pressure  and  stagna¬ 
tion  temperature  are  nominal  values. 
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TABLE  6 

PBESSPBE..TIME  HISTORIES 

Model  2  Pressure  in  psia 


Tima 

Seconds 

Stagnation 

Pressure 

Ps 

h  KA. 

P2 

BH 

PjAn 

Pl* 

v*. 

6 

Uii 

9HMHBHHHBHB 

122 

0.81*7 

72.6 

0,505 

16.5 

0.115 

12 

l'*6 

ll*0  !  0.960 

-  . . -  i  .  . 

121* 

0.850 

71* 

0.506 

16.3 

0.112 

EH 

U*8 

Ih2  |  Oo958 

125 

0.81*3 

75 

0.506 

16.1 

0.109 

150 

11*1* 

0.958 

126 

0.838 

76 

0.506 

15.9 

0.106 

r 

30 

152 

0.839 

76.8 

_ 

0.506 

_ _ _ _ _ 

g 

1 

0.105 

36 

15U 

11*7 

0.951 

129 

0.836 

0.101* 

bZ 

156 

11*9.5 

0.953 

79 

0.506 

i 

1 

0.102 

1*8 

157 

(a) 

BE 

132 

0.839 

80 

O.509 

0.101 

5U 

158 

m 

80.5 

0,509 

0.101 

60 

159 

Mj 

oc8ia 

(b) 

mm 

0.100 

66 

160 

E9 

0.837 

1 

■ 

PM 

■ 

0.0991* 

72 

160.5 

B 

BE 

0.827 

■ 

■ 

B 

■ 

78 

161 

- 

130 

0C806 

1 

| 

□ 

0.0986 

83 

165 

■ 

a 

B 

■ 

a 

- 

■ 

1 

0.0962 

Average  P/Pg*  0.957  0.836  0.506  0.103 

(a)  Off  scale. 


(b)  Pressure  tap  clogged  at  t  •  55  seconds. 
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TABLE  7 

gBgSRAT0RB-T3ME  HISTORIES 
MODEL  NO.  2 


Time 

Seconds 

Theimcjccuple  Number 

T  i  1 

3  ' _  _ 

2 

- ^ 

5 

°F 

T  ~T* 
a 

1 

T(°P) 

T  -T 
s 

T(°P) 

T  -T 
s 

T(°P) 

VT 

msa 

T  ~T  . 
s  i 

T  ~T4 
a  i 

m  m 

™s  i 

0 

79 

79 

1.000 

79 

loOOO 

79 

1.000 

79 

P2S 

mi 

5h3 

19.3 

Oc.333 

167 

3.92 

0.639 

133 

m 

3 

811 

Zih 

0.831 

21*0 

0.776 

229 

0.796 

180 

5 

911 

280 

0.799 

m 

0.729 

319 

0.713 

233 

ESS 

10 

9.91 

0.628 

Uh? 

0.930 

1*38 

0.601* 

326 

0.726 

15 

1010 

930 

C.913 

51*5 

0.1l87 

929 

0.913 

h33 

0.61*2 

20 

1096 

620 

o.l*i*>* 

631; 

Oc  1)30 

610 

o.lj.95 

mmm 

K£l 

"  T' 

30  j 

m 

770 

0.322 

760 

0.332 

....  .. 

732 

0.399 

608 

0.1*80 

ho 

llii3 

880 

0.24s 

860 

0.269 

828 

0,295 

706 

0.1*09 

$ o 

1179 

963 

0.193 

902 

0.21,3 

7?8 

0.31*3 

60 

1197 

1028 

0.191 

1000 

0.176 

968 

0.201* 

870 

0.291 

70 

1ZL9 

1080 

0.218 

10l*2 

0.192 

1013 

QMj 

922 

0.257 

81* 

1229 

1090 

0.117 

1060 

0.126 

iol*3 

0.196 

971* 

0.218 

■■■■■Mi 

m 

PH 

1900 

1900 

1900 

*  Initial  Temperature,  75°F 
Tg  *»  Stagnation  Temperature,  °P 


TABLE  7 


Seconds 


3 


5 


10 


1 5 


20 


30 


h 0 


5o 


60 


70 


8U 


Full  Scale  1500 


TEMPERATURE-TIME  HISTORIES 


MODEL  NO.  2 


Thermocouple  Number 


XL  I  12 


T(°F) 


T  -T 

9 

T(°F) 

T  -T 

8 

T(°F) 

T  -T 

1  3 

ms 

isa 

H 

1*000 

75 

1.000 

75 

1,000 

0.970 

no 

0.925 

HI  | 

0.923 

0.961 

0.902 

153 

0.891* 

0.938 

206 

0.8k2 

221 

0,826 

0.8  6b 

3liU 

0.707 

369 

0.679 

0.788 

1*59 

0.588 

1*78 

0.567 

0*727 

557 

0.509 

570 

0,1*96 

0,613 

715 

0.376 

716 

0.375 

0,522 

831* 

0.290 

826 

0.297 

OM 

S0.6 

0.235 

908 

0.2ij3 

0*391 

977 

0.197 

972 

0.200 

0.338 

1031 

0*162 

1026 

oo65 

0.293 

1072 

0.133 

1063 

0.120. 

i5oo 


TABUS  ?  (G  oncluded) 
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TABLE  8 

/• 

TEMP  ERA TURE^-tlME  HISTORIES 
MODEL  3 


Time 

Seconds 


0 


5  . 


3.0 


5 


Thermocouple  Number 


18  i  19 


9.0 


12.0 


15.0 


18.0 


21.0 


24.0 


30.0 


36.0 


42.0 


48.0 


54.0 


60.0 


66.0 


72.0 


78.0 


80.0 


185  118 


6. 

0 

319 

300 

315 

284 

7. 

5 

371 

- 1 

353 

1 - 

8 

■ 

— 

6 

.  363 

366 

332 

424 


507 


580 


645 


698 


750 


820 


880 


932 


975 


1015 


1050 


1060 


1065 


1070 


1072 


1000 


1030 


1050 


1055 


1060 


50 


441 


489 


536 


579 


660 


724 


780 


832 


876 


908 


960 


1005 


1030 


1030 


1500 


306 


357 


405 


452 


530 


603 


666 


721 


772 


814 


854 


904 


950 


954 


1500 


414 


502 


9 


649 


709 


760 


835 


894 


945 


990 


1025 


1050 


1060 


1065 


1065 


1500 


640 


697 


745 


816 


879 


930 


975 


1010 


1050 


1060 


1065 


1070 


0 


377 

470 

525 

583 

634 

678 

757 

817 

870 

915 

959 

1000 

1025 

1050 

1065 

1066 
1500 


».V£r'‘  t  .'.;4.v/v 


TABLE  9 

TEMPERATURE-TIME  HISTORIES 
MODEL  4 


00 

H 

1 

a 

H 

•f 

H 

H 

3  O 

O 
O 
ft  * 

00 

00 

* 

o 

908*0 

0.737 

0.682 

K 

h 

* 

O 

TW 

H 

cn 

• 

o 

- P 

tn 

sr 

• 

o 

■H 

CM 

O* 

• 

O 

O' 

co 

• 

o 

O 

vO 

CO 

• 

o 

0.339 

SO 

o 

CO 

• 

o 

Ut 

o 

hT 

90 

— 

204 

322 

00 

CM 

M* 

510 

653 

750 

M* 

CO 

CO 

895 

945 

995 

1035 

1055 

1500 

r- 

H 

I 

0.866 

0.725 

CO 

V0 

vD 

• 

O 

0.558 

o 

00 

sf 

• 

o 

QZP'Q 

to 

00 

CO 

• 

o 

0.355 

0.337 

0.329 

o* 

O 

CO 

• 

o 

o 

H* 

06 

— 

218 

M0 

00 

00 

CO 

sf 

Si* 

iO 

00 

to 

678 

k- - 

795 

878 

945 

1000 

1*040 

1050 

1058 

o 

o 

to 

vO 

c-H 

N - 

H 

0) 

H 

3 

o 

o 

o 

• 

H 

998*0 

0.787 

0.720 

0.658 

ID 

uO 

uO 

• 

O 
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FIG,  I  LOCATION  OF  fNSTRUMENTS 
MODEL  2 
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FIG.  5  STRESS-FREE  TEMPERATURE  RESPONSE  OF  HT-600  GAGES 
ON  356  -T6  CAST  ALUMINUM  ALLOY  SAMPLES 


TEMPERATURE 


FIG. 

A 


FIG.  9  TEMPERATURE -TIME  HISTORIES  THROUGH 
THICKNESS  OF  MODEL  2  AT  0  =  15° 


AIR  FLOW 


AIR  FLOW 


10  TEMPERATURE -TIME  HISTORIES  ALONG 
MERIDIAN  (jo  =  135“)  ON  HEATED  SURFACE 
OF  MODEL  2 


FIG.  II  TEMPERATURE  DISTRIBUTION  ALONG 
A  MERIDIAN  1/4 -INCH  FROM  HEATED  SURFACl 
AT  SELECTED  TIMES  -  MODEL  2 
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FIG.  14  STRAIN  HISTORIES  ON  THE  INSULATED 

SURFACE  -  MODEL  4 
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FIG.  16  FRONT  AND  SIDE  VIEWS  OF  MODEL  2  AFTER  TEST 

STAGNATION  PRESSURE  :  155  PSIA 
STAGNATION  TEMPERATURE  :  II  50  °F 
DURATION  OF  ’TEST  :  84  SEC. 
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